The adverse impacts of natural disasters on lives and livelihoods, as well as regional and local economies, are increasingly evident, and losses to both tangible and intangible cultural heritage due to these disasters pay an important role in the total amount. In fact, damages to sites, structures and artifacts of cultural and historical value, as well as impacts to cultural tourism and the financial resources, produce a strong competitive disadvantage on local communities. Emergency decision making, based on awareness of the suffered damages, can play a crucial role in the attempts of improving resilience of the strategic elements; however, this process typically requires a fast overview on large territories. In this work, we propose a novel framework for obtaining an agile solution to quickly collect and analyze picture galleries and information provided by both internal staff and citizens through commercially available mobile devices. This solution virtually generates a network of information sources during emergency time (e.g., a seismic sequence), and allows to produce a situation map in GIS environment, hence supporting the health status analysis of cultural heritage over time. This paper presents the prototype system composed of: (1) a smartphone application for the acquisition of new information and the examination of existing one; (2) a web-service for exchanging data with databases, and (3) a local service that makes use of a proper piece of software for obtaining a 3D reconstruction from new picture galleries. The proposed system results in a scalable, exportable and modular tool useful during the emergency and for preserving memories of local communities.
Introduction
The losses due to natural disasters in terms of lives, livelihoods and built environment, often severely impact on the life of local communities. These negative effects severely strike not only local and regional economies, but also culture and memory. In such contexts, tools for supporting decisionmaking process are fundamental, both during and after the emergency phase. In the last decades, development of powerful mobile devices and geospatial technologies allowed the use of information application in the disaster management field [1, 2] .
In this work we present a prototype of a post-disaster information system, suitable to generate a network of sources during emergency time (e.g. a seismic sequence), and to support the health status assessment of built environment over time, with particular regard to cultural heritage. The main strength points consist of the possibility to directly and simply share input data gathered both from experienced staff and citizens, and outputs via mobile App and Web portal.
Methods

Requirement Analysis
Before the design and development phase, requirements related to the information management and system functionalities were analyzed for stakeholders, as well as documentation of similar solutions [e.g. 1,2]. Main goals and key functionalities are reported in Table 1 . In general, stakeholders demand computer systems able to collect, share and elaborate informative layers (pictures and metadata, essentially) about damages to buildings and facilities along with environmental effects induced by natural disasters (e.g. earthquakes) or human actions. In other words, the main functionalities required are: (1) images acquisition and three-dimensional reconstruction of buildings (or parts of them) in order to support the "health status" assessment (e.g., it is useful for Cultural Heritage after a strong earthquake); (2) the acquisition of information about the induced-disaster effects to map the damage levels. Data can be sent according to user type/permissions (i.e., experienced operator or citizen), also to assess the information reliability. Nevertheless, access to collected data was granted to all users in order to foster the sharing among wider communities. A large number of interactions and information communications between mobile/web clients and backend services were expected for exchanging pictures, textual data, 3D object and metadata. Allow the usability also without internet connection 1 Functionalities not still implemented in the presented version of the information system
Architecture Overview
Accessibility and operability are essential requirements for a disaster management system under extreme situations, in which reliability and speed of network connectivity are typically different than in "normal" situations. In addition, a system able to work across multiple platforms with affordable cost is a great advantage, in order to expand its user community. Based on these considerations, the generic system architecture ( Figure 1 ) is outlined with 3 blocks:
•
The first level of the system consists of clients for data capturing and for displaying processed results;
The second level represents a web service able to store the data on file systems and/or spatial databases; • The third level is a local service to manage the automated 3D reconstruction by photo gallery.
Details of these components will be illustrated next. 
Results and Discussion
Client Application
In this paragraph, we illustrate the mobile application; the Web-GIS portal is still under development.
The chosen mobile App development environment is Xamarin [3] , a framework for native and/or cross-platform App in C#. The framework is based on open source Mono (a framework for implementing .NET Framework of Windows on Linux platform), that offers full support to Android e iOS platforms.
Essentially, Xamarin is composed by:
• Xamarin.Android for developing Android Apps through wrapping native API in C#; • Xamarin.iOS for developing iOS Apps through wrapping native API in C#; • Xamarin.Forms, for sharing components and code.
Thanks to these components, Xamarin allows to manage all Android and iOS features, from UI to the hardware resources. Figure 2 shows the main functionalities of the proposed App. When the mobile client is launched on a mobile device, the homepage with two buttons is shown in order to choice: (1) the visualization of points of interest (POI) or (2) the compilation of the questionnaire (Fig. 2a) . By clicking on "See Points of Interest", the censed POI are reported on the map viewer; in particular, the mobile client makes a request to the server for searching POI in a circular area around to the user (Fig. 2b) , based on centre (latitude and longitude are provided by GPS of the device) and radius (fixed at the moment, but it should be user-defined in next releases). By touching a pin marker on the map (see Fig. 2b ), the name of POI and first 40 characters of its description are shown. Once the users clicks on the information icon, the page of POI is loaded. This page contains the whole textual description and the photo galleries; moreover, a button to acquire new images is available (Fig. 2c) . The user can add pictures to an existing galleries, directly by selecting it, or a new photo gallery by clicking on the button. The first choice leads to the page in Figure 2d ; instead, the acquisition of a new photo gallery can be made through the activity shown in Figure 2e , where the survey name and any notes must be introduced before taking or uploading pictures. If the user provides at least 10 pictures, he must also indicate whether these are useful for 3D reconstruction (cf. Fig. 2f ). However, prior to the acquisition phase, the login page is displayed to the user, who is prompted to enter their username and password. If the user information are correct, the acquisition phase is allowed.
On the main activity, if the user clicks on "Complete questionnaire", upon login proper pages are loaded, reporting questions about the effects of an earthquake both on people (see Fig. 2g ) and environment (see Fig. 2h ).
Hosting Layer
Storage
Web Service
The web service plays the key role of the communication channel between the database and the data collection devices. This service was developed through the Web Api template of Microsoft Visual Studio IDE [5] and Microsoft .NET Framework [6] ; whereas, the management of the database was guaranteed by Entity Framework [7] and Microsoft SQL Server [4] .
The Code First [8] of Entity Framework is used to create the database tables. This approach is mainly useful in Domain Driven Design. In fact, with the Code-First, we focused the efforts on the domain design and start creating classes according to domain requirement, rather than designing the database first and then creating the classes. The database was created according to the entity classes and their configuration. The main task of a web Service is to handle HTTP(s) requests; this means performing CRUD (Create, Read, Update, Delete) operation on the database. Each of the class, referring to a database table, must be associated to a "Controller" class [9] .
A controller class contains the implementation of the HTTP methods (Get, Post, Put, Delete) to interact with the database. All controller classes share the CRUD standard operations. Particular cases concern:
• for classes returning a POI list, a method to get objects into a circular area defined by centre and radius; • for classes saving images on storage, a method to convert and save images both with original and thumbnail size; • for classes returning the municipality, a method to detect the administrative territory by latitude and longitude of user.
To make the output of the different controller classes uniform, a common object was defined in order to represent data. The "Asp.NET Identity" authentication system, based on "OWIN" framework and "OAuth" protocol, was implemented for managing the data access [10] .
Local Service for 3D Reconstruction
A local service was implemented for automating the visual 3D reconstruction process based on image elaboration. In particular, this Windows service is installed on the server machine as interaction tool between 3D reconstruction software and database. For this purpose, also, the open source software VisualSfM [11] is installed on the server. VisualSfM is an application for 3D reconstruction that makes use of structures from motion technique [e.g. 12]. In order to boost performance, this software exploits multicore parallelism for feature detection, feature matching, and bundle adjustment [13] .
Hourly, the local service check if new photo galleries are available, in positive case:
1. VisualSfM is called and pictures are retrieved; 2. once homologous points are detected on the pictures, the 3D modeling is performed; 3. at the end of the process, a control is executed to check that only one model was produced; 4. a variable is initialized about the elaboration state of the photo gallery in the measures table.
Moreover, a daily log file referred to the executed operations was implemented through Nlog [14] registration platform.
An example of input data and outcome obtained by 3D reconstruction process, managed through the local service, is plotted in Figure 3 . 
Conclusions
An information system for supporting the damage assessment during (and after) disasterinduced emergency phases was designed and implemented. We presented here the main components of such system: (1) mobile application to gather/share data from/via experienced staff and citizens; (2) the web service able to manage exchanges between the devices and database; (3) the Windows Service to control the 3D reconstruction process based on collected pictures.
The presented system version is in prototypical form; hence, before making the Application public further tests are needed. Furthermore, in the next release some improvements will be introduced: a Web-GIS portal as new client tool; the offline mode for mobile App; an integrated 3D model viewer both for mobile App and Web portal; the reports of damaging related to the buildings and/or cultural heritage.
